The alpha-adrenergic agonists have been demonstrated to have synergistic effects with opioids and local anesthetics in animal research. The present study was performed to determine whether the addition of adrenaline improves the analgesic effects of an epidural infusion of a combination of fentanyl and bupivacaine after abdominal surgery. We studied 90 ASA 1 or 2 patients scheduled for abdominal surgery under epidural anaesthesia, with or without general anaesthesia. Patients were randomly divided into two groups to receive a postoperative epidural infusion of fentanyl 5 µg/ml in bupivacaine 0.2%, with or without adrenaline 5 µg/ml, at a rate of 2 ml/h for more than 48 hours. Postoperative pain relief was assessed using visual analog scales (VAS), both at rest and during coughing, at 2, 24, and 48 hours after surgery. The number of rescue analgesics and side-effects such as nausea, vomiting, pruritus, respiratory depression, headache, muscle weakness, and hypotension were recorded.
The benefits of epidural infusion of a combination of local anaesthetic and opioid for postoperative pain relief have been well established l,2 and this combination is now popular after major abdominal surgery 3, 4 . The concept of combining drugs that act by different mechanisms arose in an effort to reduce the sideeffects of the individual drugs, as well as to improve analgesia. Therefore, it is not surprising that another category of drugs, the alpha-adrenergic agonists, are now also being added to local anaesthetic and/or opioid [5] [6] [7] [8] . Animal studies have demonstrated their additive or synergistic effects with opioids 9,10 or local anaesthetics 1l . In a previous study we found that the addition of adrenaline improved the quality of sensory block during epidural anaesthesia with lignocaine 12 . However, the results of previous clinical studies investigating the effects of the alphaadrenergic agonists in a mixture with local anaesthetic and opioid for postoperative epidural analgesia have not been convincing. The addition of clonidine improves analgesia, but is associated with haemodynamic changes 13, 14 . The beneficial effects of adrenaline have not been confirmed [15] [16] [17] .
Accordingly, we performed the present study to determine whether the addition of adrenaline improves the analgesic effect of an epidural infusion, combining fentanyl and bupivacaine, after abdominal surgery. The effect on side-effects was also examined.
MATERIALS AND METHODS
After institutional review board approval and written informed consent was obtained, we studied 90 ASA physical status 1 or 2 patients scheduled for elective abdominal surgery under epidural anaesthesia with or without general anaesthesia. Patients with contraindications to insertion of an epidural catheter, ischaemic heart disease, cardiorespiratory disease necessitating postoperative ventilation, prior history of drug abuse, consumption of analgesics or nonsteroidal anti-inflammatory drugs within 24 hours of surgery, or inability to communicate, were excluded.
Premedication consisted of atropine 0.005 to 0.01 mg/kg and hydroxyzine 0.5 to 1 mg/kg given intramuscularly approximately one hour before anaesthesia. Intraoperative monitoring included noninvasive blood pressure and heart rate monitoring, electrocardiography and pulse oximetry. After an intravenous infusion of acetated Ringer's solution was initiated at a rate of 10 ml/kg/h, patients were placed in the lateral decubitus position. The epidural space was identified at the level corresponding to the middle dermatome crossed by the surgical incision, using a loss-of-resistance technique with air. An epidural catheter was inserted and advanced 3 cm cephalad through a 17 gauge Tuohy needle. Epidural anaesthesia was maintained with a bolus of 1.5 to 2% mepivacaine 5 to 10 ml at intervals of an hour. If no demonstrable hypoaesthesia was observed in the dermatomes of the surgical incision after the first injection, the patient was not included in the study.
If general anaesthesia was performed, it was induced with fentanyl 3 µg/kg and thiamylal 3 to 5 mg/kg. The trachea was intubated after administration of vecuronium 0.15 to 0.2 mg/kg. Anaesthesia was maintained with nitrous oxide in oxygen and a low concentration of sevoflurane. Vecuronium was used for muscle relaxation during the operation. After completion of surgery, residual neuromuscular blockade was reversed with atropine and neostigmine given intravenously and the trachea was extubated. All patients, including those under epidural anaesthesia alone, were cared for in the postoperative care unit and monitoring including noninvasive blood pressure, electrocardiography and pulse oximetry.
Patients were randomly divided into two groups according to a table of random numbers, to receive a postoperative epidural infusion of fentanyl 5 µg/ml in bupivacaine 0.2%, with or without adrenaline 5 µg/ml, at a rate of 2 ml/h for more than 48 hours. The epidural infusion was started approximately 30 minutes before the initiation of wound closure. The anaesthetic solution was prepared immediately before starting the continuous infusion by mixing fentanyl (Sankyo Pharmaceutical, Tokyo, Japan), bupivacaine 0.5% (Astra Japan, Osaka, Japan), and saline (Otsuka Pharmaceutical, Naruto, Japan). When a patient requested additional analgesia, intravenous pentazocine 7.5 or 15 mg or a diclofenac sodium suppository 25 or 50 mg was administered by a nursing staff member blinded to the patient's study group. Doses were based on the age of a patient, with a patient over 75 years old receiving the lower dosage.
Postoperative pain relief was assessed using visual analog scales (VAS; 0 no pain and 100=worst pain ever) both at rest and during coughing at 2, 24, and 48 hours after surgery. No additional analgesics were administered for five hours before each assessment. The number of rescue analgesics and side-effects such as nausea, vomiting, pruritus, respiratory depression, headache, muscle weakness and hypotension were also recorded. Respiratory depression was defined as a respiratory rate <10 breaths/min. Muscle weakness was defined as being unable to move the hip, knee, ankle, or toes. Hypotension was defined as a systolic blood pressure <90 mmHg. Urinary retention was not evaluated because all patients had a urinary catheter. All the data were collected by an investigator who was unaware of the solution administered.
Sample size was determined by power analysis of ANOVA based on the variability observed in our pilot study and the ability to detect a difference in VAS scores of 10 with beta set at 0.2 and alpha set at 0.05. Results are expressed as mean (SD), median and 10th and 90th percentiles, or absolute numbers and percentages. VAS data were analysed using repeated measures ANOVA and the Mann-Whitney U-test. Student's t-test was used for comparison of continuous variables. Categorical data were analyzed by using Fisher's exact test or Chi-squared test, as appropriate. P<0.05 was considered significant.
RESULTS
Of 90 patients enrolled in the study, 77 patients completed the entire study: 40 patients received a solution with adrenaline (group A) and 37 patients a solution without adrenaline (group S). Excluded were four and three patients in groups A and S respectively, one because of postoperative confusional state or heavy sedation that made postoperative assessments unreliable, and three patients in each group because of a dislodged epidural catheter. Both groups were similar for gender, age, weight, height, physical status, duration of surgery and the number of patients for whom general anaesthesia was provided ( Table 1) . Surgical procedures performed were also comparable between groups (Table 2) .
Patients who received adrenaline reported significantly lower mean VAS scores than those who did not, at rest 24 hours postoperatively and during coughing at 24 and 48 hours (Figures 1 and 2) . The number of additional analgesics did not differ between groups: 1.8 (1.5) and 2.4 (2.1) in groups A and S respectively. Side-effects including nausea, vomiting, pruritus, headache, muscle weakness and hypotension were observed in 13 patients (32.5%) in group A and 24 patients (65%) in group S; the difference in the incidence was statistically significant. None of the side-effects were serious except for hypotension, which required a continuous infusion of dopamine in all such patients. There were no differences in the incidence of each side-effect (Table 3) .
DISCUSSION
The results of the present study showed that the addition of adrenaline improved the analgesia provided by a continuous epidural infusion combining low dose bupivacaine and fentanyl, supplemented by pentazocine or diclofenac, after abdominal surgery.
Patients who received adrenaline reported lower VAS scores than those who did not, both at rest and during coughing for 48 h postoperatively. On the other hand, the incidence of side-effects did not appear to be increased by the addition of adrenaline.
Adrenaline has been used previously as an adjuvant to improve the efficacy of epidural local anaesthetic or opioid. In a clinical study by Eisenach et al 8 , adrenaline hastened the onset and prolonged the duration of a bolus of epidurally administered 0.25% bupivacaine during labour. In our previous study 12 , lumbar epidural injection of 10 ml of lignocaine 1% with adrenaline produced more intense block of both large and small diameter sensory nerve fibres than that of plain lignocaine. The effects on epidural morphine were shown in a volunteer study by Bromage et al 5 , in which cutaneous hypoalgesia was more intense, of faster onset, and longer in duration after a combination of adrenaline and morphine than after plain morphine. The addition of adrenaline has also been shown to improve analgesic effects of continuous epidural infusion. In a study by Welchew 6 , the addition of adrenaline shifted the dose-response curve of epidurally administered fentanyl to the left and reduced the incidence of side-effects. Baron Values are mean (SD) or absolute numbers. also found that adding adrenaline to continuous thoracic epidural infusions after thoracotomy decreased fentanyl requirements titrated for effective analgesia.
It is logical to hypothesize that the analgesic effect might be further increased, and the dose of drugs further reduced, when three drugs with different mechanisms of analgesic action are applied together. However, literature reporting favourable clinical effects of the addition of an alpha-adrenergic agonist to a combination of a local anaesthetic and opioid is scarce. Paech et al 14 studied the effects of the addition of clonidine to the combination of bupivacaine 0.125% and fentanyl 2 µg/ml infused epidurally at a rate of 5 ml/h after lower abdominal surgery. They found epidural clonidine infused at 20 µg/h improved analgesia, but was associated with haemodynamic changes and increased vasopressor requirement. Cohen et al 16 studied post-caesarean patient-controlled epidural analgesia using fentanyl 3 µg/ml, bupivacaine 0.01%, and adrenaline 0.5 µg/ml infused at a rate of 12 to 18 ml/h. They found patients who received all three drugs made fewer demands, or required a lower total dose of fentanyl and bupivacaine than those who received fentanyl and bupivacaine only, but that pain scores did not differ between the two solutions. In the present study, we used a constant infusion technique with a lower dose of fentanyl and adrenaline and higher dose of bupivacaine at a much lower rate, and found differences in pain scores between patients given all three drugs and those given a solution without adrenaline.
There are two possible mechanisms for the enhancement of analgesia with adrenaline. First, it has been demonstrated in animal studies that adrenaline constricts spinal vessels, thereby impeding the systemic absorption of local anaesthetics and/or opioids and increasing their concentration at the neural targets. For example, Porter et al 19 showed that plasma lignocaine and mepivacaine levels were significantly lower after subarachnoid injection in cats receiving adrenaline compared to those not receiving adrenaline. Iida et al 20 measured spinal pial vessel diameter in dogs, in which phenylephrine, adrenaline, clonidine and dexmedetomidine constricted spinal pial arterioles in a concentration-dependent manner. A recent clinical study 17 also supports this mechanism. Serum fentanyl concentrations increased when adrenaline was omitted from a mixture of bupivacaine and fentanyl infused continuously epidurally. The second mechanism may involve a specific spinal cord analgesic effect of adrenaline itself. Animal research indicates that adrenaline is a spinal analgesic at α 2 -receptors, causing hyperpolarization of the transmission cells of the substantia gelatinosa of the spinal cord dorsal horn 9, 21, 22 . A recent clinical study confirms this. Curatolo et al 23 investigated the effect of adrenaline using healthy volunteers and found that epidural adrenaline produced segmental hypoalgesia.
Despite better pain scores obtained after a solution with adrenaline, the number of rescue analgesics did not differ between groups. The following may account for the conflicting results. Firstly, additional analgesics were given following patient request to nursing staff in the present study. A patientcontrolled technique may have provided greater analgesic availability and generated a statistical significance. Secondly, the additional analgesics consisted of two different doses of two different analgesics, pentazocine or diclofenac, which were not equipotent. Finally, the study design, which enrolled patients undergoing various kinds of surgery, may have led to type II error.
Patients with side-effects were fewer in number among those who received epidural adrenaline than among those who did not, but the study power was inadequate to detect true differences, if such existed. Although we failed to detect differences in the incidence of each side-effect between the two groups, hypotension was the only problem that required treatment and some side-effects may not have been secondary to epidural analgesia. For example, nausea and/or vomiting can occur in any patient undergoing general anaesthesia 24 .
In conclusion, the results of the present study demonstrate that the addition of adrenaline to a combination of fentanyl and bupivacaine improves the quality of epidural analgesia after abdominal surgery. Under the conditions of the study, we did not detect any disadvantage from the addition of adrenaline.
